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Introduction

This report describes self-potential (SP) measurements 

made near several darrs in the Denver *! ater Department 

system. The surveys were conducted as part of a proiect to 

determine whether or not SF measurements might be useful in 

monitoring tne flow of water around dams. The study has 

relevance to the problem of induced seismicity due to water 

impoundment Dy man-made reservoirs and the detection of 

1 e a K s in dams or dam abutments.

water flow through rocfcs produces electrical currents 

by means of the streaming potential mechanism. In general, 

water flowing towards a region will produce a positive 

anomaly in that area. Thus, one might expect the region 

downstream of a dam to be more positive than the region on 

the reservoir side of a dam.

All measurements were made using a 10 megohm input 

impedance voltmeter (Keithley Model 1300) and lead-lead 

chloride CPD-PoC12) electrodes (Petiau and Dupis, 1980). A 

fixed reference electrode site was chosen for each survey, 

and all measurements *'ere made with respect to this point 

when possible. Electrodes were buried in moist ground 

without watering, before ana after surveying a line, the 

electrodes were placed on a damp sbonge and the voltage 

differences recorded. These data were used to compute 

electrode and drift corrections. Measurements were usually 

made every 5 meters. The voltage was observed until a



Introduction Page 3

stable reading was obtained. If the signal was very noisy, 

the mean of the ma xi in urn ana minimum reading was used. The 

data presented in this report are unsmoothed unless 

otherwise noted.

Electromagnetic measurements using Slinaram method were 

made on selected lines to aid in interpreting the SP 

results. This technique utilizes a loop-loop configuration 

excited at a frequency of about 3^.'^ Khz. A Geonics Fodel 

EM-31 instrument was used which measures earth conductivity. 

The instrument can be used *ith the coils oriented either on 

line tfitn (parallel mode) or transversehale to 

(perpendicular mode) the survey line. If not specified, tne 

data presented were obtained using the parallel mode. The 

technique has an investigation aeptn of about b m making it 

useful for the detection of snallowly buried conductors such 

as Pipes.

Field work was conducted at four sites: Ralston 

Reservoir, Upper Lona Lalce, Gross Reservoir, and Dillon 

Reservoir. All dams are earth filled and located in 

sedimentary rocks with the exception of Gross Reservoir--the 

latter being a reinforced concrete, gravity arch dam 

situatea in igneous rock.

halston Reservoir

Ralston Reservoir is located about 5 miles north of

Golden, Colorado in Jefferson County (Figure 1). The

reservoir is contained by an earthen filled dam *hich rests



Ralston Reservoir Page 4

on Plerre Shale. In the vicinity of the dam, the Pierre 

Shale striKes roughly north-south with a dip of from 50 to 

BO degrees to the west (Van Horn, 1957?Van Horn, 1972). A 

hogbacK alona the eastern shore of the reservoir is forced 

by a Tertiary ^afic monzonite intrusive called Ralston dike.

SP measurements were made on the lines shown in 

Figure 2. Figures 3, 4, and 5 contain the SP lines parallel 

the darr. axis, while Figures 6 and 7 show the lines 

perpendicular to the dam axis. Lines parallel to the den. 

axis are olotted frorr. left to right when viewed from a point 

on the downstream side of the dam. Lines approximately 

oeroendicular to the dam axis are plotted in the direction 

of stream flow. This convention has oeen used througnout 

this report. All data were measured using the ooint at the 

east end ot line A as a reference. EM-31 conductivity data 

for some of the lines are shown in Figures 8 and 9. The 

results of each line are suirirrarized below.

Line B Figure 3

This line displays a -15 mV long wavelength anomaly on its 

south end.

Line 0 Figure 3

Tne data are very noisy, out a broad -20 rr,v anomaly centered 

near 45 m is discernible.

Line G Figure 4

The south end of the line has a -40 mV peafc to trough (FTT) 

anomaly. Near 2UO in the potential begins to drop to -b rov.

Line h Figure 4
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A central high rises 30 mv above the end values. The 

anomaly may D e similar to that of line G, but with the 

southern miniinunr* lyinq presumably unobserved off the end of 

the line. The conductor seen in the EM-31 data (Figure b) 

near 160 m is of undetermined origin.

bine 1 Figure 4

The small (15 rrtf PTT) anomaly does not fit into the overall 

picture. It may oe due to localized effects and is not 

considered important.

Line E Figure 5

A very distinctive dipolar anomaly is seen on this line. 

Tne negative trough is associated with the outlet valve 

house. Crossing to the south side of the outlet tunnel the 

anomaly increases dramatically. The EM-31 data (Figure fe) 

show a very good conductor near the SP negative suggesting 

the source of the anomaly is a buried pipe.

Line C Figure 5

A narrow positive feature can be seen near 20 m. The EM-31 

data (Figure H) oecoroes more conductive to the north. The 

cause of this conductivity anomaly is not clear.

Line j Figure 5

A very pronounced negative anomaly which is oart of a 

dipolar feature is seen as the pioes coming from the outlet 

valve house (3b IP) are crossed.

Line M Figure 6

This line features a oroad minimum near the dam crest. The 

positive anomaly is aue to some pipes which are also seen in 

the EM-31 data (Figure 9). The fch-31 anomaly near 200 m on
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this line is caused by a large metal gate.

Line N Figure 6

Tne .Tiaximuin near 105 m corresponds witn the maximum seen in 

line f-; near 100 m. The fact that the anomaly is broader 

here, suggests that the source is deeper than on line I*. 

The pipe wnich crosses the road here is Known to go below 

the lake level.

Line L Figure 6

The positive anomaly at the beginning of the line 

corresponds with the positive seen on line E., and is quite 

localized. It is attributed to a buried pipe.

Line K Figure 7

The dramatic anomaly is the same as seen on line J, except 

that the outlet pipes are crossed in tne opposite direction, 

significant fe:,««-31 anomalies (Figure 9) snow the presence of 

multiple conductors.

Line A Figure 7

The voltage increases about 20 mV in the do<.vnstrearr» 

direction. This might oe due to water flow toward the toe 

of the da-Ti. A similar feature was not seen on tne other dam 

abutment.

Line D Figure 7

There is a small negative gradient in the downstream 

direction. This is opposite to tne effect seen on line A.

Line P Figure 7

A 20 mv decrease is seen as the dam is approached. This is 

similar to the 30 mv mini'nunri seen on line M near the dam.
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Interpretation

The significant Sr» anomalies appear to be due to the 

presence of buried pipes particularly near the outlet valve 

house. The anomalies near the downstream end of the pipes 

are usually neaatlve. fnese anomalies are characterized by 

very short wavelengths and amplitudes of 30 mv or more. The 

Sato-^ooney (1960) theory of SP anomalies caused by F.r- 

potential gradients can be used to explain these anomalies, 

while soaae of concrete, the outlet tunnel connecting two 

regions of differing Eh potential, is probably a good 

conductor because of the metal pipes in it. The inlet end 

of the tunnel is located in a reducing environment below 

water level, while the outlet end of the tunnel is in an 

oxidizing environment. These two regions furnish chemical 

species to be oxidized and reduced at their respective ends 

of the tunnel. The tunnel linfcs these two reaction cells 

together by transporting electrons from the oxidation 

reaction to the reduction reaction. Tne net result is to 

have a negative potential near the outlet end of the tunnel. 

This process is often corrosion. It is also possible to 

have SP sources produced alona a man-made conductor by 

localized £h potential variations due to changes in soil 

cnerrsi stry.

'^o anomalies *hich could be related to water flow 

through the rocKs in the vicinity of the dam could be seen. 

This is either due to the nigh conductivity of the Pierre 

Shale and overburden (0.020-0.035 mho/m) observed by the
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KM-31, as conductive rocks generally nave lower streaming 

potential coefficients, or the absence of any water flow 

around Ralston Dam.

Upper Long Lake

Upper bong Lake is located in Jefterson County about 5 

miles north of Golden, Colorado (Figure 1). me lake is 

formed oy a natural depression in the flank: of Ralston dike. 

An earthen levee has been added to the eastern shore line of 

the lake to increase its storage capacity. ^ater from Lonu 

LaKe Ditch enters the lake via a tunnel cut through Ralston 

dike.

Ralston dike is a mafic monzonite intrusive of Tertiary 

age (Van Horn, 1957) which intrudes the Pierre Shale. To 

the east of upper Long LaKe the Pierre Shale strikes roughly 

north-south parallel the shore line. East of the lake the 

beds are overturned with a dip of 48 degrees to the west.

Self-potential and F.M-31 measurements were .made on four 

lines shown in Figure 10. Three of the lines 0 M, loo S, 

and 200 s run perpendicular to the shore of upper Long Lake, 

while the fourth line 0 t, run parallel the lake edge on an 

access road. A fixed reference at tne north end of line 0 E 

was used for all of tne SP measurements. The results of 

each line are described pelow.

Line 0 N Figure 11 

There is a small decrease of tne SP signal to the east.
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This trena Is superimposed with several small scale 

features. Ine sharp -25 mV anomaly at bu m has an 

accompanying conductivity anomaly caused by an aoandoned 

water supply line. Small positive teatures are seen near 

75 m, HS~13b m, and 160-185 m. These features correspond 

with water seeps fchich occur along bedding planes in the 

Pierre khale. Tne seeps are quite visible and cause the 

grass near them to grow vigorously. A second conductivity 

anomaly can be seen near 175 m which is probably due to a 

water seep at this location. A large conductivity anomaly 

is seen at the east end of this line as well as line 100 s 

and 2uO S, which is attributed to the oresence of Lower Long 

bake where all the lines terminate. The lake increases the 

water content of the surrounding soil thereby increasing its 

conductivity.

Line 100 S Figure 12

The most prominent feature on this line is the bO mV SP 

anomaly near 70 m. A small EM-31 conductivity feature is 

associated *ith this anomaly. It is interpreted as beina 

due to the same pipe line seen on profile 0 N. TWO positive 

features associated with water seeps are seen at 120-155 rc 

and 170-185 n., the latter having a modest conductive 

anomaly. A conductivity increase is seen as bower Long Lake 

is approached. A general decrease in voltage occurs in this 

direction.

Line 2uu S Figure 13

This line exhibits no large SP anomalies. A general 

decrease in voltage down the hillside is reversed at the
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east end of tne line as the electrode is placed in moister 

soil. A small negative anomaly (-10 mV) is associated *ith 

the buried water line at 5b m, as well as a small 

conductivity anomaly. >«< a t e r seeps at 150 u and 165 m 

produced two small positive SP anomalies and the 

accosripanying &.M-JI anomalies. Seeps between ob m and 105 iji 

produced a sniall positive feature, but the correlation 

between tne seep location and the SP anomaly is not as aood 

as at the 150 n» and lbt> m locations.

Line o t Figure 14

This line follows the edge of tne Upper Long Lake 

embanKment. The SP data show no clear anomalies which can 

be associated witn any geologic features. The fc;M-31 

conductivity measurements observed a three-fold increase in 

conductivity near Ibu m. The cause of tnis change is not 

clear.

Interpretation

Tne three lines perpendicular to the lafce embanKment 

snow a gradual decrease in tne SP signal in the downhill 

direction. Tnis effect is opposite to what one would expect 

if there was a fluid flow aown the slope producing streamind 

potential sources. The water seeps are due to enhanced 

permeaoility conductivity along beddina planes. water 

seeping out of Upper bong LaKe encounters these permeable 

zones and flows up the westward facing dip slopes until the 

surface is encountered, and then flows out onto the surface.
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The zones of increased permeability are due either to 

jointing or compositional changes in the Pierre Snale. The 

increased water content produces the oDserved conductivity 

anomalies. Folding (1939) and Corwin and Hoover (1979) have 

reported positive S P sianals associated with */ e t soil, 'J h e 

observations at Long Lake support this conclusion.

A strong SP ano.naly was seen over the abandoned water 

line which is crossed by line 0 N, 100 S, and 200 s. The 

source of this anomaly is confirmed by the fe>-31 

measurements. These anomalies are probably due to corrosion 

of tne abandoned water line. A regional decrease in the SP 

signal was observed in traversing down the hill to the east 

of Upper Long LaKe. These anomalies are prooably not 

associated wltn electroKinetic sources produced by water 

flow out of Upper Long Lake.

Gross neservolr

Gross Reservoir is forced by a 275 foot high reinforced 

concrete, gravity-arch dam across South Boulder Creek five 

miles south-west of Boulder, Colorado (Figure 15). The dam 

is anchored in Precambrian boulder Creek granodiorite 

(*ells, 1967). 'ine western end of the dam cuts through e 

quartz monzonite dike. NO rr.apped faults intersect the study 

area.
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A reference electrode *as placed near the base of the 

dam on the east ena of line A (Figure lt>). This electrode 

was used as a reference tor lines A, B, C, D, h), F, and G. 

A second reference point near the east dann abutment on the 

soutn end of line H was used for lines H, i f and J. Due to 

the ruaged terrain along the eastern abutment, no attempt 

was made to tie the two reference points together. KM-31 

conductivity measurements were made along line C.

Line C Fidure 17

This line hes a very dramatic positive anomaly (+ 2 b u m V) 

over pipes leading from tne diversion tunnel outlet (2b rc). 

A second, smaller positive anomaly (+150 mV) is seen near 

the set of pipes (85 ,-rO */hich lead to the outlet valve 

house. These two anomalies are superimposed on a negative 

trend near 160 m. The FM-Jl conductivity profiles (Figure 

IB) snow large conductivity anomalies in the range from 20 m 

to BO m for Dotn orientations of the instrument. The 

conductivity anomaly near 0 m is caused by the presence of 

the dam face.

Line D Figure 17

This line has a markea negative anomaly of -160 mV centered 

across the c r e e K from the outlet valve house.

Line B Figure 19

This line goes do'*n the slope leading to the base of the 

dam. An increase in voltage of over +1UG rov is seen along 

the profile. One might suspect that this anomaly is due to 

a streaming potential effect caused oy the flow of water 

arouna the west end of the dam towards its base. However,
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line e (Figure 1^) aoes not show a similar behavior. The 

anomaly is therefore attributed to a negative potential near 

tne west ena of the dan. (See line f, Fiaure 20).

Line A Figure 19

A large negative anomaly (-130 rnv) was observed near the 

terminus of the diversion tunnel (-10b m). This is in 

marked contrast with the +250 m V anomaly seen on line C 

(Figure 17) where tne diversion tunnel is crossed (2b m). 

Tne short wavelength feature near 30 m occurs near the face 

of the dd.Ti. Its source is not clear.

Line F, Figure 19

The east end of this line has a large negative anomaly which 

corresponds to the negative anomaly seen on line D (f-igure 

17) near 60 m. Line £ terminates at the 100 m marie on line 

D.

Line F Figure 20

This line is characterized by a oroad negative anomaly 

(-100 rnV) which is offset from the crest of the dam by a fe* 

tens of meters. The small negative feature at 275 m is also 

seen on line G near 5b m. ihe sharp negative (-90 m) near 

330 m is due to a buried drain pipe.

Line G Figure 20

The negative anomaly near b 5 m corresponds with the minimum 

on line f- at 274 m.

Line K Figure 21

The data are rather noisy, but a broad negative (-20 mV) 

anomaly near bo m of undetermined origin can be seen.
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Line I Figure 21

Tnis line has no remarkable features which are understood. 

Negative anomalies are associated witn eacn end of tne line.

Line J Figure 21

The data are very noisy, but tne central portion of the 

profiie appears to De negative (-25 nw) with respect to the 

ends. The location of this maximum offset is aoout 20 m 

upstream from the dam crest.

Interpretation

The larger observed anomalies are associated with the 

diversion ana outlet tunnels and accompanying pipes. 

Corrosion of these structures probably produces the 

anomalies. These anomalies are much larger than any of the 

others seen in the survey.

broad, low amplitude negative anomalies were seen alonq 

lines perpendicular to the ends of the dam. These rr.ay oe 

due to corrosion effects in the concrete, or aue to 

streaming potential effects. Modelling of the anomalies 

produced by water flow around the dam abutments ought help 

in distinguishing between these two models.

Dillon Keservoir

nillon Reservoir is located near the town of Pillon,

Colorado about 60 rpiies ^est of Denver (Figure 22). A large

earthen aam rests on Lower Cretaceous and Upper Jurassic
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sedimentary rocks (T*eto,1973). The dam is comprised of two 

sections. Tne larger section to the west of triangulation 

station first is readily seen from interstate highway J-70. 

The section to the east of First is smaller and less 

visible. The Dakota Sanctstone crops out between these two 

sections of the aam and forms the small hill on which First 

is located.

The tow drain at the base of the western portion of the 

dam is usually dry, out tne eastern section toe drain 

collects water at a rate ol aoout 20 aalions/minute. The 

probable source of this water is a flow path through the 

highly fractured Dakota sandstone in the vicinity of the 

ci a m.

SP measurements were n.ade along the lines shown in 

Figures 23 ana 24. Three seoarate SP reference points were 

used for tne survey. For lines A, B, and C the reference is 

at the east end of line C. Lines D and K used a reference 

at the north end of line D. All work on the eastern section 

of the dair (lines F through N) used a reference on the west 

end of line F. ho atte.not was made to tie all of the 

reference points together.

Line A Figure 2b

Several small positive spikes of unknown origin are seen at 

20 m, 50 m, 75 m, i 15 m, 280 01, 320 m, 350 m, and 380 rr. 

The line is unremarkable with the exception of a large 

negative anomaly (-80 mV) near 410 m caused Dy a buried 

irrigation pipe. This pipe was also detected oy the EM-31
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measurements. Another dramatic E^-31 anomaly at I7u m is 

due to a steel fence. A general decrease in conductivity of 

about 30% exists between the conductivity maximum near 240 IT- 

and the lower values oetween 320 m and 380 m.

tine >3 Figure 2o

There is a hint of a broad negative anomaly (-20 mv) 

centered at 120 m, but the noisy nature of the data makes 

its presence questionable.

Line C Figure 27

The tnost prominent feature is a -20 mv negative anomaly at 

140 ,11 followed oy a +30 mV swinq. The cause of these 

anomalies is not clear. The corresponding conductivity data 

show only modest changes with small increases centered at 

60 m and 1BO m. The short wavelength, nigh amplitude 

anomalies oetween 320 m and 370 m are orooably due to very 

noisy ctata. The potentials recorded in the region were 

suDiect to sever temporal variations. Due to the increased 

noise it was not possible to continue the line across the 

toe of the dam.

Line D hiaure 28

There is a large negative anomaly (-80 mv) near 100 m which 

is due to the buried outlet tunnel. A small conductivity 

anomaly is seen near the outlet tunnel abutment (120 m). 

The EM-31 anomalies at 200 m and 250 m are due to a buried 

telephone line and a metal fence respectively.

Line t Figure 28

There is a large negative anomaly (-80 mv) at 60 m similar 

to that seen on line D. It is probably associated *i
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corrosion Involving the outlet tunnel. There are no 

remarKable EM-31 anomalies.

Line P Figure 29

Inere is d positive transition of about +30 mV between 130 IT, 

and 200 m. The cause is not clear. The conductivity 

increases markedly near 200 m at the center of the toe drain 

possibly oue to increased moisture content caused by water 

seepage. This suggests that the source of the water is to 

the west of the 200 m point--possibly in the jointed Dakota 

Sandstone outcrop near the crest of the dam.

Line G Figure 30

The data are quite noisy with a general decrease to the 

north. The conductivity anomaly at 5 m is due to a buriea 

telephone line.

Line H Figure 30

In spite of the noisy data, the -37 m V minimum at 30 m seenrs 

real, but its cause is not clear. Conductivity increases to 

the nortn possibly oecause of water drainage in that 

direction. Tne conductivity low at the north end of the 

line is due to a barbed wire fence.

Line 1 figure 31

This line runs parallel and within several meters of the 

center of the drain system. There is a positive feature 

between 20 m and 50 m with an associated conductivity 

increase suggesting tnat these anomalies are due to a reolon 

of increased water content.

Line J Figure 31 

There is a qeneral decrease in potential towards the north.
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The negative anomaly at 70 m appears to be associated with a 

power line support. Ine conauctivity anomalies at both ends 

of the line are aue to a buried telepnone cable and a barbeo 

wire fence.

bine K Figure 32

Tne SP profile increases downhill (toward the north) and is 

possibly due to streaming potential effects caused oy water 

flow. The small conductivity anomaly near the start of the 

line is due to a buriea telephone line.

Line L Figure 32

As in the previous line, the SP value increases down hill 

suggesting a streaming potential source. The EM-31 anomaly 

is due to a buried telephone line.

Line M Figure 33 

This line is very similar to tne two previous lines.

Line N Figure 33

The SP line is similar to the three previous lines. The 

conductivity anon-aly at the beginning of the line is due to 

the buriea telephone line, and the anomaly at 55 m is caused 

by a buried caole TV line.

interpretation

The oata from lines A, b, and C snow no features of 

significance. The two lines near the outlet tunnel have the 

large characteristic anomalies which have been seen near 

other outlet tunnels. Tney are probably due to corrosion 

and Eh potential effects as descrioed previously.
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The data near tne eastern Dortion of trie dan* are 

slightly more interesting. Line K, b, M, and iM, which are 

outside of the collection region for the toe drain, appear 

to exhibit anomalies due to water flow down the hill 

(northward) away from the dam. Line G, H, I, and j, on the 

other hand, are in tne drained region. Ground water is 

collected by the toe drain system thereby eliminating the 

streaming potential effect.

S u m m a r y

The results of the 8P measurements at four dam sites 

have revealed several interesting anomalies. The largest 

anomalies were seen in the vicinity of the outlet tunnels. 

These are typically, out not always, negative. They are due 

either to corrosion of the metal in the tunnel, or to an 

oxidation-reduction reaction pair which uses the tunnel as a 

means of coupling electrons between these reactions. The 

inlet end of the tunnel in the reducing environment would ne 

the site of the oxidation reaction, and the outlet end of 

the tunnel in the oxidizing environment would be the site of 

the reduction reaction. Additionally, there were anomalies 

associated with the corrosion of buried pipes. These 

represent a noise source which will be present at most, dan* 

sites.
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Ralston and Gross darns had a small negative anomaly 

associated with the crest of the dam. The cause of this 

anomaly is not clear. It rr.ay be due to water flow arouno 

the end of the dam, but modelling will be necessary to test 

this hypothesis.

fclectrofiltration effects were probably seen along the 

eastern section of Dillon dam where there is a flow of water 

which most likely comes fron« the jointed sandstone outcrop 

near the middle of the dam crest. In regions where there is 

a toe drain system, this anomaly is eliminated. Because the 

drain provides such a good flow path for the seepage, it 

eliminates the percolation of water throuqh the ground and 

conseauent electrofiltration effects.

Seepage along beddino planes in the Pierre Shale et 

Upper Lonci Lake produced small positive anomalies due to the 

increased moisture content of the soil. This phenomenon has 

been previously reported in the literature.

while no anomalies were seen which could be 

unequivocally attributed to water flow near the dams, this 

does not completely rule out the possibility of the 

self-potential method being useful for detecting dam leaks. 

All of the sites studied are not considered to have leaks, 

thus the method has not been tested in a suitable situation. 

Furthermore, most of the sites (Ralston, Long Lake, ano 

Dillon) were in fairly conductive sedimentary roocs which 

would minimize streaming potential effects.
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Fiaure Captions 

Figure 1 Location map of Ralston Reservoir and Upper Long

LaKe. The ooxes show the locations of the

traverse maps in figures 2 and 10. 

Figure 'i Location jrao of- traverses near Ralston Reservoir.

Tne line which is marked with a "boat" at each

end is a reference line for the survey. It

provides a means of easily aliening the data

Plots. The "boats" are also plotted on the data

traverses whicn cross this line.

Figure 3 Halston SP lines 6 and o parallel dam axis. 

Figure 4 Ralston SP lines G, H, and 1 parallel dam axis. 

Figure 5 Halston SP lines t, C, and J parallel dam axis. 

Figure b Ralston SP lines M, L, and N perpendicular dam

axis. 

Figure / Halston SP lines K, A, D, and p perpendicular dair

axis. 

Figure 8 Halston EM-31 conductivity lines  , C, and h

parallel dam axis. 

Figure 9 Ralston Rn-31 conductivity lines M and K

perpendicular dam axis.

Figure 10 Location map of traverses near Upper Long Lake. 

Figure 11 Long Lake SP and EM-31 conductivity profiles for

line 0 N. The horizontal lines indicate the

locations of the seeps in Figures 11, 12, and 13. 

Figure 12 Long Lake SP ana EM-31 conductivity profiles for

line 100 s. 

Figure 13 Lone* i^aKe SP and Efc-31 conductivity profiles for
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line 200 s. 

Figure 14 bona Lake SP ana EM-JI conductivity profiles for

line 0 E. 

Figure 15 Location roap of Gross Keservoir. The box shows

tne location of the traverse map in Figure 16. 

Figure lo Location map of traverses near Gross Reservoir. 

Figure 17 Gross Reservoir SP lines C and D. 

Figure ly Gross Keservoir M-31 conductivity profiles for

the instrument oriented parallel and

perpendicular to the profile direction. 

Figure 19 Gross Heservoir SP lines B, A, and £. 

Figure 2u Gross Reservoir SP lines F and G. 

Figure 21 Gross Heservoir SP lines H, I, and J. 

Figure 22 Location .nap of Dillon Reservoir. The box shows

the location of tne traverse maps in Figures 23

and 24. 

Figure 23 Location map of traverses near the western

section of Dillon dam. 

Figure 24 Location map of traverses near tne eastern

section of uillon dam. 

Figure 25 Oillon Reservoir SP and £M-31 conductivity

profiles for line A.

Figure 2b Dillon Reservoir SP profile for line B. 

Figure 27 Dillon Reservoir SP and EM-31 conductivity

profiles for line C. 

Figure 28 uillon Heservoir SP and e.M-31 conductivity

profiles for lines D and E. 

Figure 29 Dillon Reservoir SP and EM-31 conductivity
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profiles for iine F.

Figure 30 Dilion Reservoir SP and

profiles for lines G and H.

Figure 31 Dilion Reservoir SP and

profiles for lines 1 and J.

Figure 3^ Dilion Reservoir SP and

profiles for lines K and L.

Figure 33 Dilion Reservoir SP and

profiles for lines M and N.

fcM-31 conductivity

E>-31 conductivity

EM-31 conductivity

KM- 31 conductivity
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